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ABSTRACT

Liebman, Megan Elaine
M.S.Ch.E
Rose-Hulman Institute of Technology
May 2016
Asset Management Model for an Industrial Process Automations System in the Chemical
Engineering Unit Operations Laboratory at Rose-Hulman Institute of Technology
Thesis Advisor: Dr. Atanas Serbezov

In the Chemical Engineering curriculum, the Unit Operations (UO) Laboratory is
recognized as the place where hands-on exposure to industrial practices occurs. Students not only
examine fundamental engineering principles, but also gain knowledge of the intricacies of modern
control technology. The UO Laboratory at Rose-Hulman Institute of Technology houses an
industrial state-of-the-art distributed control system, which operates eleven large-scale
experiments and interfaces with approximately two hundred process instruments. The size and
complexity of the distributed control system and its associated equipment have grown over the
past ten years and have reached a point where a systematic asset management approach is needed
to continue to deliver undisrupted support to the educational process.
The developed asset management model provides a framework to efficiently operate assets
and add new assets in a consistent manner. The model includes two information repositories: one

for equipment and one for procedures and documentation. The existing equipment in the UO
Laboratory has been catalogued in an equipment database, which now serves as a single point
information source. A new format for a standard operating procedure (SOP) has been developed
based on best industrial practices, and the existing operating instructions for all eleven large-scale
experiments have been rewritten using the new SOP layout. In addition, the technical
documentation associated with the eleven large-scale experiments has been collected from
multiple sources and has been organized in a single location accessible by faculty, staff, and
students. Critical equipment components have been identified and outside companies have been
contracted to provide emergency support and scheduled maintenance. The developed asset
management model has been successfully implemented in the UO Laboratory and has significantly
contributed to the quality of instruction and learning.
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1. INTRODUCTION

Established in 1874, Rose-Hulman Institute of Technology is located in Terre Haute,
Indiana. It has a rich history in chemical engineering, having awarded the United States’ first
degree in chemical engineering in 1889 [1]. Since then, the college has continued to offer an
exceptional program to develop chemical engineers. A unique feature of the chemical engineering
program at Rose-Hulman Institute of Technology is its Unit Operations Laboratory. Beginning in
1984, experiments and procedures have been added and modified to create the current laboratory
experience.
The Unit Operations Laboratory is a two-story laboratory containing approximately twenty
individual experiments. The main purpose of the Unit Operations Laboratory is to facilitate the
laboratory project courses that students of the Chemical Engineering Department take during their
junior and senior years. In these courses, the students work with five different experiments by the
time they graduate and learn concepts of chemical engineering used in industry.
Eleven of the twenty experiments in the Unit Operations Laboratory utilize a process
automation system, called DeltaV, which has been integrated into the Unit Operations Laboratory
over the past ten years by various faculty members of the Chemical Engineering Department. The
benefits of this process automations system include enabling a wider variety of experimental goals
through automatic control and emulating the industrial environment with centralized data
acquisition and historization. However, the integration of an industrial control system in an
educational setting presents an operational and managerial challenge. It requires more complex
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installation and commissioning than simple equipment would. The operations become more
complex, due to a higher number of control and electronic interactions and more challenging goals.
The incorporation of field instruments and computer infrastructure into the Unit Operations
Laboratory requires an increased capital investment. Having more components leads to increased
maintenance needs and creates additional tasks and responsibilities for the existing personnel, the
faculty and the technicians of the Chemical Engineering Department. These personnel then
become the bottleneck when changes to the experiments or DeltaV are proposed.
The development and implementation of an asset management model for these experiments
and the DeltaV system will help alleviate personnel bottlenecks, improve the quality of instruction,
and provide a common place for the accumulation of resources. The asset management model will
increase the capability of the Unit Operations Laboratory to operate in an efficient manner,
therefore becoming more beneficial to the students of Rose-Hulman Institute of Technology.
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2. BACKGROUND AND THEORY

2.1.

Defining asset management
Asset management is a systematic process of deploying, operating, maintaining, upgrading,

and disposing of assets in a cost-effective manner [2]. In the chemical engineering industry, the
term ‘assets’ most commonly refers to the operating resources of a plant, such as the process
instruments and other pieces of equipment. The specific assets of the Unit Operations Laboratory
will be delineated in a subsequent section.
2.2.

Literature review
Asset management serves as “a tool to improve regulatory compliance; lower operation

and maintenance costs; assess criticality, capacity, and life-cycle costs of key facilities; and
support environmental sustainability and stewardship” [3]. As an educational establishment, the
Unit Operations Laboratory does not have to follow industrial standards. However, creating a
consistent structure that echoes industrial standards for the documentation of each experiment will
serve to both introduce students to the concept of regulatory compliance and instill in them the
value of clear and comprehensive documentation. By reducing the amount of time wasted by
students or faculty searching for information that was poorly or sparsely recorded, asset
management will lower the operation costs of the Unit Operations Laboratory.
Establishing a database of assets will support environmental sustainability by enabling
students to access instrument information and manuals digitally, as opposed to printing them out.
This database will also assist in the instruments being efficiently tracked and monitored for
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maintenance needs, lowering the maintenance costs. Asset management strategies have “enabled
companies to move to a predictive maintenance mode. The savings during startup alone have been
$150 to $200 per device” [4]. Predictive maintenance uses the condition of in-service equipment
to determine warranted maintenance tasks. When compared to routine maintenance, which is
based on a time schedule, predictive maintenance saves money by reducing both the frequency
that process must be halted and the length of time that the process is down for maintenance.
Some elements of asset management can be found in industries other than chemical
engineering. For example, the International Organization for Standardization (ISO) provides a set
of basic quality management principles, called ISO 9000, in which the companies can be certified.
These principles include management responsibilities, internal audits, design control, process
control, process identification and traceability, inspections and testing, document control, and
quality records [5]. Because it is concerned with the process an organization uses, rather than the
product or the service, ISO 9000 is applicable to many industries, including law firms, consulting
engineers, and standards developers [6]. Developing an asset management model that emulates
these principles as they apply to the Unit Operations Laboratory will encourage a culture of best
practices.
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3. ASSETS OF THE UNIT OPERATIONS LABORATORY

3.1.

Description of the Unit Operations Laboratory
The Unit Operations Laboratory occupies two interconnected spaces: a two-story high bay

laboratory and a single-story low bay laboratory. Each experimental unit illustrates the
fundamentals of a particular unit operation or core chemical engineering concept, such as heat
transfer, distillation, membrane separation, fluid flow, et cetera. Eleven of the experiments are
operated with an industrial process automations system, DeltaV. DeltaV utilizes distributed
control, in which each experiment is treated as a plant area and is functionally isolated from the
others.
The enrollment in the laboratory project courses is usually between sixty and seventy
students per term, with each term lasting for ten weeks. The students work in groups of three for
six four-hour long sessions to operate a particular experiment and complete the objectives of the
experimental program. To fulfill the degree requirements for a Bachelor of Science in Chemical
Engineering at Rose-Hulman Institute of Technology, students must successfully complete five
different experiments over three terms. A written report is submitted at the end of each experiment.
Three out of the five experiments are presented to the class and faculty in a formal setting followed
by a questions and answers session. The primary objectives of the laboratory project courses are
related to the nature of the unit operation and typically include determination of heat or mass
transfer coefficients, reaction conversion, performance parameters such as purity and recovery for
separation operations, efficiency of pumps, and friction factors in piping networks.

Level 4
Level 3

Manufacturing Operations and Control

Monitoring, Supervision and Control

Level 0

Level 1

Business Planning

Level 2
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Sensing and Actuation
(Field Instruments)

Production Process

Figure 3-1: Purdue Enterprise Reference Architecture

The Purdue Enterprise Reference Architecture, shown in Figure 3-1, is a hierarchical
structure of modern process manufacturing systems [7]. Each level, from the foundation up, is
distinctly represented by the assets of the Unit Operations Laboratory.
3.2.

Process equipment and instruments
Level 0 of the hierarchy is represented by process equipment, such as pumps and motors.

Level 1 is represented by all the field instruments, including valves and measurement devices—
sensors for level, flow, pressure, temperature, conductivity, and more. The Unit Operations
Laboratory contains hundreds of process instruments. Each piece of equipment or instrument is
assigned a unique device tag, which corresponds with the device type and its location. These
devices form the base of the hierarchy; providing accurate and easily-accessible documentation
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is critical, but the sheer number of devices means that maintaining this documentation is a
challenge.
Some instruments include their own displays that allow the students to read
measurements and are not connected to the control system; some have no display but send a
signal to the control system; and some have both a display and a connection to the control
system. This connection to the control system is accomplished via a DC signal that is transmitted
from a sensor to a controller through a pair of wires. The signal ranges from 4 milliamps at zero
percent of the instrument’s range to 20 milliamps at one hundred percent of the range.
3.3.

DeltaV process automations system
Distributed control systems allow a plant to have control elements dispersed throughout

the process and connected by a communications network, rather than a having single controller at
a central location. In the specific application to the Unit Operations Laboratory, the DeltaV process
automations system serves as level 2 of the Purdue Enterprise Reference Architecture and uses
distributed control to give each experiment its own virtual “area” – controllers and network cards
that correspond to only one or two experiments. This enables work to be done on an experiment
without affecting the operational capabilities of the rest of the laboratory. The designations of the
experiments and areas are listed in Table 3-1, while Figure 3-2 shows how the experiments are
linked to the controllers.
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Table 3-1: DeltaV Experiment and Area Designations in the Unit Operations Laboratory
Area
100
150
200
250
300
400
500
600
700
800
900

Experiment
Filter Press
Reverse Osmosis
Corning Column
Agitated Tank
Liquid Flow
Instrumentation and Control
Tubular Reactor
Microfiltration
Pumps
Multipass Heat Exchanger
Fluidized Bed

Figure 3-2: DeltaV Controllers and Experiments in the Unit Operations Laboratory
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The DeltaV system is hosted on several servers located in a control room within the Unit
Operations Laboratory. The configuration of the servers is shown in Appendix A. One server,
called the Historian, stores all the data collected by all the instruments connected to DeltaV. The
Pro+ server is used to configure DeltaV and store system graphics. Each experiment that utilizes
DeltaV has its own local computer. These computers use Microsoft’s Remote Desktop
Connection to access the Remote Server, which provides the gateway into the rest of the DeltaV
system through a redundant pair of network switches.
The entire arrangement of servers and computers is typically isolated from the RoseHulman Institute of Technology network, with the exception of a few hours a year to update
software. This was intentionally designed in order to reduce the risk of viruses and other malware
being transferred via internet access.
3.4.

Personnel
The personnel of the Unit Operations Laboratory include the faculty members of the

Chemical Engineering Department of Rose-Hulman Institute of Technology as well as a laboratory
technician. These personnel must be considered as resources, as their time is limited and valuable.
Documenting the various procedures that these personnel frequently use or explain to students will
eliminate unnecessary tasks and allow the personnel more time to provide educational value.
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4. APPROACH AND METHODS

4.1.

Creating procedures and document templates
Level 3 of the Purdue Enterprise Reference Architecture includes the operation of the

experiments. DeltaV has been incorporated into the Unit Operations Laboratory in two ways: it
has either been integrated into an already existing experiment, or a new experiment has been
proposed that includes DeltaV elements. Without a standard documentation procedure, each
faculty member has utilized their own system for recording information about the experiments that
they have developed. This process has led to the existence of many inconsistent records and
templates in the Unit Operations Laboratory. Additionally, students and faculty members
occasionally make changes to the equipment or the procedures without notifying the department
head, the laboratory technician, or other users of the experiment and without recording and
documenting the change. This causes confusion when the subsequent person attempts to run the
experiment, and may lead to improper techniques, damaging equipment, or even injuries.
Creating a standard template for procedures and other documents will reduce the waste of
resources that occurs if the laboratory technician had to stop his work to explain procedures or
share information that could not be found elsewhere and when the faculty members were not
familiar with the experiment or had to consult other faculty members. Standardization will also
streamline the process for students as they switch from one experiment to the next, eliminating the
need for students to adapt their established experimental techniques and allowing them to devote
more time and energy to learning with the equipment.
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4.2.

Scope for the engagement of internal and external resources
With regards to the Unit Operations Laboratory, business planning—the uppermost level

of the Purdue Enterprise Reference Architecture—includes engaging both internal and external
resources to provide support.
Internal resources are defined as those who are employed by Rose-Hulman Institute of
Technology in various functions, such as students, technicians, faculty members, and the staff
members of Rose-Hulman Institute of Technology’s Enterprise Information Technology (EIT)
center. External resources are not employed by Rose-Hulman Institute of Technology. The
external resources that are commonly engaged for assistance with the DeltaV experiments in the
Unit Operations Laboratory are Cornerstone Controls and Endress+Hauser, two companies whose
products form key components of the experiments. The portion of the Unit Operations Laboratory
for which each resource provides support is delineated in Appendix A.
Each internal resource serves a distinct purpose in the tasks of the Unit Operations
Laboratory. Students operate the experiments, learn the principles of chemical engineering, and
can be contracted to perform more in-depth research. The laboratory technician is responsible for
enforcing safety procedures, maintaining the equipment in working condition, troubleshooting any
malfunctioning or nonfunctioning equipment, and managing all installation, repair, and
maintenance tasks. The Chemical Engineering Department faculty members initiate the process
of establishing a new experiment, retain primary responsibility for the experiment throughout its
usage, and supervise and support students in their tasks. The staff members of the EIT department
provide assistance to the Chemical Engineering Department with the connections from the DeltaV
server to the local operator stations and the Rose-Hulman Institute of Technology network.
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Cornerstone Controls is a company that handles regional distribution of the DeltaV
platform. For the Unit Operations Laboratory, they assist with hardware design, system
architecture, licensing, and software design, development, and integration. They have been
contracted to conduct quarterly audits of the DeltaV system. These audits usually consist of
handling a list of changes that the faculty wish to be made, such as reconfiguring alarms.
Endress+Hauser manufactures, sells, and provides service for industrial process
instruments, including dozens in the Unit Operations Laboratory. Endress+Hauser has entered into
a calibration agreement with the Chemical Engineering Department, to service ten instruments per
year during a one-day visit to campus. The Unit Operations Laboratory also utilizes
Endress+Hauser’s equipment database, the W@M Portal, which stores device-specific
information such as serial number, date of manufacture, and technical documents and manuals.
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5. ASSET MANAGEMENT MODEL

5.1.

Procedure for the deployment of new assets
One of the old techniques of the Unit Operations Laboratory that was detrimental to its best

practices was the way that new assets were introduced into the DeltaV system. Often a faculty
member or technician would upgrade or replace an instrument without notifying the other users of
the experiment and without documenting the change. This typically caused confusion and wasted
time when subsequent faculty members or students attempted to run the experiment for the first
time, and lacked the appropriate knowledge.
A sample of this asset data entry document—for Endress+Hauser instruments—is shown
in Appendix C. The document also contains guidelines for non-Endress+Hauser instruments,
control valves, resistance temperature detectors (RTDs) and thermocouples, variable frequency
drives (VFDs), pumps, agitators, analytical instruments, and DeltaV I/O cards. This document was
divided by device type in order to streamline the process for asset data entry: if a personnel member
wishes to add a new asset to the database, they must only open the document to the correct device
type and then follow the indicated steps to submit all necessary information about the device.
5.2.

Documentation portfolio for operation
An accurate and concise standard operating procedure (SOP) for each experiment is

essential to maintaining safety and best practices in the Unit Operations Laboratory. As DeltaV
had been integrated over the past eight years, several complications had developed: some
information had been passed on between faculty, technician, and students only verbally, and
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inconsistent documentation made it difficult for students to transition between experiments. By
synthesizing all known information into a consistent template, the asset management model will
help apply the ISO 9000 principles of management responsibilities, internal audits, inspections
and testing, and quality records to the Unit Operations Laboratory.
Additionally, feedback from graduates of the Chemical Engineering Department was taken
into account and led to the creation of a procedural checklist in addition to a standard operating
procedure. The purpose of this checklist is to facilitate quicker and smoother runs of the
experiment after the students are familiar with the full SOP, while still providing all necessary
information and accountability. Complete SOPs and checklists for the Filter Press, Corning
Column, and Tubular Reactor experiments can be found in Appendices C, D, and E, respectively.
5.3.

Physical asset management
As previously mentioned, problems can arise when the correct information is not known

and cannot easily be found for an instrument. Endress+Hauser’s W@M Portal is an information
management system that facilitates easy tracking of assets as they are added to, modified, and
removed from an experiment. Figure 5-1 shows the home page of the Unit Operations Laboratory’s
W@M Portal. It has a brief overview of how many instruments are catalogued in the database,
and the Area links on the left-hand panel provide intuitive structuring of the asset data.
5.4.

Documentation management
Two repositories were created with the goal of effectively creating, storing, and distributing

documents generated in association with the Unit Operations Laboratory. The first, a Microsoft
SharePoint site, is a collection of the documents required for operating an experiment: DeltaV
experiment-specific resources, literature resources, operational resources (SOPs and checklists),
and schematics and diagrams. Documents about the DeltaV distributed control system—backups
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Figure 5-1: Endress+Hauser’s W@M Portal

of the data historian templates and information about the network structure and the local operator
stations—are also available on the SharePoint site. Permissions are tightly controlled on this site
in order to maintain its organization and establish version control, ensuring that the most recent
updates are accessible by all users of the experiment. Generally, faculty and staff members are
allowed to read and write to the SharePoint site, while students are only allowed to read. A total
of 99 documents have been uploaded.
The second repository is Endress+Hauser’s W@M Portal. This is used to compile
important information about the pieces of equipment as well as the technical resources associated
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with each one. The information about the equipment includes its tag number, serial number, device
type, manufacturer, date of manufacture, and software version; the technical resources include
manuals, specifications, and calibration certificates. A total of 158 pieces of equipment have been
catalogued.
In conjunction with these document repositories, a change management procedure was
created, shown in Figure 5-2. The arrows indicate information flow, and the paths that a new
document or a proposed change could take. Implementing this procedure ensures that the
appropriate personnel are notified of a change and that it is properly recorded and documented.

Figure 5-2: Change Management Procedure
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5.5.

Impact on the Unit Operations Laboratory Instruction
The asset management model was deployed at the beginning of the 2016 academic year.

Four out of nine faculty members in the Unit Operations Laboratory were newly hired that year.
Using the documentation in the asset management portfolio, the new faculty were able to smoothly
transition into instructional roles, easily obtaining the information they needed with the resources
at their disposal.
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6. CONCLUSIONS

Due to the standardized templates for the documentation of experiments, equipment, and
procedures, the Unit Operations Laboratory has operated more efficiently. The faculty members,
the students, and the technician no longer have to go hunting for information; they know where to
look and can trust that the information will be there. The creation of two information repositories
has provided structure to the hundreds of documents associated with the Unit Operations
Laboratory.
Additionally, the students are more prepared for industrial standards and regulations that
they will encounter throughout their careers. The standard operating procedures have been updated
to more accurately reflect best industrial practices; assets are tracked as they are added to,
modified, and removed from experiments.
In these ways, the implementation of an asset management model in the Unit Operations
Laboratory has benefited the students of Rose-Hulman Institute of Technology.
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7. FUTURE WORK

In the future, updating the documentation and maintaining the version control of the
databases will be critical to the success of the asset management model. Additionally, there are
several areas in which the model could be expanded, including cataloging the control system
components and the spare equipment in the W@M Portal and adding documentation of the control
system configuration to the SharePoint site. This will provide a more comprehensive framework
for the Unit Operations Laboratory.
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